Abstract. Motivation is given for trying a theory of gravity with a preferred reference frame ("ether" for short). One such theory is summarized, that is a scalar bimetric theory. Dynamics is governed by an extension of Newton's second law. In the static case, geodesic motion is recovered together with Newton's attraction field. In the static spherical case, Schwarzschild's metric is got. An asymptotic scheme of post-Minkowskian (PM) approximation is built by associating a conceptual family of systems with the given weakly-gravitating system. It is more general than the postNewtonian scheme in that the velocity may be comparable with c. This allows to justify why the 0PM approximation of the energy rate may be equated to the rate of the Newtonian energy, as is usually done. At the 0PM approximation of this theory, an isolated system loses energy by quadrupole radiation, without any monopole or dipole term. It seems plausible that the observations on binary pulsars (the pulse data) could be nicely fitted with a timing model based on this theory.
Introduction
The dominant opinion is that we already have both an excellent theory of gravitation -namely, Einstein's general relativity (GR), and an excellent theoretical framework for particle physics -namely, the standard model, which is based on quantum field theory (QFT). The important problem of making quantum theory and GR compatible together should then be solved essentially by going to a superstructure including the two former theories as particular and/or limiting cases, the candidates for that superstructure being searched in the wide range of string theory. This might prove to be the case in the future, but it must be admitted that string theories are very complex, being based on differential geometry on high-dimensional manifolds. Even GR and QFT separately are already very complex, to the point that the link between either theory and its experimentally confirmed predictions is not fully understood, being based on rather peculiar algorithms [1] . Therefore, apart from the main line of research, one can find some risky attempts, in which it is tried to take a quite different route.
One such route is suggested by the existence of an alternative version/ interpretation of special relativity, which version was initiated by Lorentz [2] and Poincaré [3, 4] . According to this version, the "relativistic" effects, which essentially follow from the Lorentz transformation, are all due to the "true" Lorentz contraction of physical objects as they are moving through the "ether" or fundamental inertial frame [5, 6] . In fact it can be shown that both Lorentz's spacecontraction and Larmor's time-dilation follow from the negative result of the Michelson-Morley experiment, under the assumption that light propagate in all directions with the same velocity c with respect to a rigid reference frame, in which Euclidean geometry applies [6, 7] . In this "Lorentz-Poincaré version of special relativity", the time which is defined in an inertial frame by using the Poincaré-Einstein clock synchronization is generally not the "true time": only in the fundamental inertial frame does the Poincaré-Einstein-synchronized time coincide with the true time [8, 9, 6] . The Lorentz-Poincaré version of special relativity has the same equations as the usual version initiated by Einstein in his well-known June 1905 paper, and is observationally equivalent to the usual version [6] . However, just because of this, the "ether", which is still there in the former version, is indetectable. In particular, the true time of the LorentzPoincaré version is not experimentally accessible.
But, precisely, an essential assumption of the investigated alternative theory of gravitation [10, 7, 11, 12] is that the presence of a gravitational field breaks the Lorentz symmetry, thus making the ether detectable [11] . Therefore, in this theory, the inertial time in the ether frame is a physically identifiable preferred time T (called the "absolute time"). It is accepted that the existence of a preferred space-time foliation could give a solution to extend quantum theory to the situation with gravitation [13] . The very beginning of this program is the formulation of the free Klein-Gordon wave equation in a gravitational field, which is ambiguous in GR, but leads to a unique equation (which is a preferred-frame one) in the framework of the "ether-theory" [14] . Another motivation for trying a very alternative theory of gravitation is to solve some problems which are common to GR and to most extensions of it -namely, the existence of singularities (there is indeed no singularity in the investigated theory, neither during gravitational collapse "in free fall" with spherical symmetry [15] nor in homogeneous cosmological models [16] ), and the interpretation of the gauge condition (there is no gauge condition in this scalar theory).
This theory gives the same predictions as GR for light rays [17] and it unambiguously predicts that the cosmic expansion must be accelerated [16] . As to celestial mechanics: since this theory predicts Schwarzschild's motion for test particles in the static case with spherical symmetry [7, 11] , one a priori expects that it should improve celestial mechanics as compared with Newton's theory, in the same way as GR. However, due to the existence of preferred-frame effects, one has to check this carefully. To this end, an "asymptotic" scheme of post-Newtonian (PN) approximation has been built for a weakly self-gravitating system of extended bodies, that consists in associating a one-parameter family of systems with that given system: each system is defined by an initial-value problem [18] . This is a correct way to obtain asymptotic expansions of the solution fields, with respect to the small weak-field parameter. For extended bodies in GR, this has been done only with a very particular initial condition as to the space metric [19] , and the obtained local PN equations have not been integrated in the volume of the bodies to get equations of motion of the mass centers. The latter has been done for the investigated scalar theory [20, 21] . The obtained equations of motion of the mass centers depend on the spin rates of the bodies and involve structure-dependent parameters -two natural features for a theory that integrates the mass-energy equivalence. In order to test the theory, these equations have been implemented [22, 23] in a code for numerical integration and parameter adjustment, that has been built by the author and tested [24, 25] with standard equations of motion. (For the moment, the spin rates of the main bodies of the solar system have been neglected.) It has thus been found that the difference with a standard ephemeris [26] does not exceed 3" over the 20th century [23] . One may expect to significantly improve the observational agreement by improving the numerical treatment and also by adjusting the equations, not on an ephemeris, but directly on observational data. Indeed some correction factors of observational data are taken as free parameters in the adjustment of an ephemeris, hence the observations are not completely independent of the gravitational model.
Thus the current situation as to the experimental test of this theory is encouraging. However, it is usually considered that a scalar theory should have problems with gravitational radiation [27] . (Note that it is usually considered that a scalar theory should also have problems with gravitational effects on light rays [28] , and that it is not the case for the present preferred-frame theory.) Therefore, the aim of the present investigation was to examine gravitational radiation. Before discussing the main line of that investigation, we shall present the theory.
Basic Principles of this Scalar Theory

Space-time metric and field equation
The theory considered is a bimetric theory: space-time is endowed with both a flat metric γ 0 and a curved metric γ. The relation between the two metrics is fixed by just a scalar field f [7] . This can be true only because this is a preferredframe theory and the equations are written in the preferred reference frame E ("ether").
1 Thus, space-time is the product R × M, where M is the "space" manifold, i.e. the set of the positions x in the preferred reference frame E, and most equations are merely space-covariant. The preferred time coordinate T is 1 The theory could be rewritten in a generally-covariant form by incorporating the velocity field of the ether (relative to the reference frame associated with the given coordinate system) into the fields of the theory. If one restricts the choice of the reference frame to the "inertial" class made of the frames that have a uniform rigid motion with respect to E (the uniformity and rigidity being defined in terms of the flat metric γ 0 ), then one just has to add a constant vector V to the unknowns.
the inertial time in the frame E (i.e. T = x 0 /c with c the velocity of light, and where the coordinates (x µ )(µ = 0, ..., 3) are Galilean for the metric γ 0 , that is, γ 0 µν = η µν with (η µν ) = diag(1, −1, −1, −1)). In particular, the scalar field f ≡ (γ 00 ) E (thus in coordinates (y µ ) bound to the frame E and with y 0 = cT ) determines the slowing down of real clocks in a gravitational field, as compared with an "absolute clock" that would measure the absolute time T . This is the case for a clock that is fixed in the ether frame, and far enough from any massive body so that it is not affected by any gravitational field [7] .
The equation for the field f is [11] a nonlinear wave equation:
with ∆ ≡ div g 0 grad g 0 the usual Laplace operator defined with the Euclidean metric g 0 , which is the spatial part of the flat metric γ 0 in the frame E; G is Newton's gravitation constant and σ ≡ (T 00 ) E is the mass-energy density in the ether frame, T being the "mass tensor", i.e. the energy-momentum tensor in mass units. In the most general case, applicable to a heterogeneous universe on a cosmological time-scale, the gravitational field is not directly the field f but instead the field of the "ether pressure" p e , and a different field equation applies [7] . But this reduces to (1) if the time variation of the "reference pressure" p ∞ e (T ) ≡ Sup x∈M p e (x, T ) is neglected [11] , which should be the case except on a cosmological time-scale. The analysis of homogeneous cosmological models [16] confirms that the variation of p ∞ e (T ) takes place over long time scales, of the order of 10 8 years.
Dynamical equations
Motion of a free test particle is defined by an extension of the special-relativistic form of Newton's second law:
where E is the energy of the test particle: for a mass particle, E = m(v)c 2 with m(v) = γ v m(0) the velocity-dependent inertial mass (γ v is the Lorentz factor); for a photon, E = hν with ν the frequency measured with real clocks affected by the gravitational slowing down and thus measuring the "local time" t x (see Eq. (4) below). Moreover,
is the gravity acceleration,
is the velocity, and D/Dt x is the correct time-derivative of a vector in the space manifold M endowed with the time-dependent Riemannian metric g (g is the spatial part of γ in the frame E) [11] . Finally,
is the momentum of the test particle.
In the static case (f ,0 = 0), the extension (2) of Newton's second law (thus three scalar equations) implies that free test particles follow the geodesic lines of metric γ (thus four scalar equations: the time component of the geodesic equation is equivalent to the energy equation valid for a test particle in a static field) [7] . In the static case with spherical symmetry, Schwarzschild's exterior metric is obtained [7] .
The dynamical equation for a continuous medium (fluid, electromagnetic field, ...) is deduced from Newton's second law as defined above for a test particle. Indeed, for a dust, Eq. (2) may be applied pointwise and implies [12] :
(recall that g = (g ij ) is the (curved) space metric in the frame E. Semicolon means, as usual, covariant differentiation defined with the connection associated to the (curved) space-time metric γ. Indices are raised and lowered with γ).
The universality of gravity means that the same equation must hold true for any continuous medium.
General energy conservation in this theory
Equation (6) may be rewritten in terms of the flat metric γ 0 , giving as the time component:
(valid in Galilean coordinates for the flat metric) [12] . Using the equation (1) for the scalar field f , the r.h.s. of Eq. (8) may be transformed to a 4-divergence (with respect to the flat metric), thus giving a true conservation equation for the energy density
[11]. The energy rate in a fixed domain Ω, whose boundary ∂Ω is not crossed by any matter, is got by integrating the conservation equation, it iṡ
Gravitational Radiation
In GR and other relativistic theories of gravitation, gravitational radiation is mostly studied with the "weak-field approximation", which is essentially a standard linearization of the field equations [29, 30, 31, 28] . However, we are here in a domain where the accuracy of the observations (of the timing of the pulses emitted by binary pulsars) is very high, and so also is the precision of the comparison theory/ observation [32] . Therefore, it is desirable that the link between the equations of the theory and its numerical predictions should be obtained with the help of a well-defined approximation scheme. Thus one would need to introduce an asymptotic framework, associating with the physical system of interest S a family (S λ ) of gravitating systems (λ is the small field-strength parameter). A such "asymptotic scheme" was previously developed for celestial mechanics (see the fourth paragraph of the introduction here). As λ → 0, the behaviour becomes Newtonian. Thus it is a post-Newtonian (PN) scheme. Like the standard PN scheme [29, 33, 31, 34] , that "asymptotic" PN scheme leads to Poisson equations with instantaneous propagation, therefore it does not fit in the present context, since the aim is to describe how the energy balance is affected by the propagation of gravitational waves at the finite velocity c.
What one would need is an asymptotic post-Minkowskian (PM) scheme, i.e., one leading to a wave equation for the gravitational field (here the scalar f ). In GR, it has been proved that one-parameter families of solutions to the vacuum Einstein equations generically exist, and that the successive coefficients of their Taylor expansions with respect to the parameter do satisfy the successive equations of the PM approximation [35] . However, in order to justify standard calculations based on equating the Newtonian energy rate to the energy rate as given by the "quadrupole formula of GR" (see e.g. Refs. [30, 31, 34] ), it is necessary that there is indeed matter which has the relevant quadrupole tensor. One possible approach that would provide a reasonable justification to such calculations would be to show that the same given self-gravitating system may be consistently envisaged both in well-defined PN and PM approximation schemes; that the PM scheme (as applied to the given system and thus also inside the bodies) gives some calculable non-zero gravitational energy rateĖ PM ; and that the PM scheme is more general than the PN scheme, so that it does make sense to state the equationĖ
This turns out to be feasible. We shall insist on the essential points of that approach (the details of which shall be published elsewhere) and shall skip the calculations.
Principle of the asymptotic PM approximation
As for the "asymptotic" PN scheme, which has been presented in detail in Ref.
[18], a family (S λ ) of perfect-fluid systems is defined by a family of initial conditions : at the initial time, the fields of pressure and proper rest-mass density in system S λ have respectively the form
the initial condition for the gravitational field f , or rather for V ≡ (c 2 /2)(1 − f ) (which plays the role of the Newtonian potential), is given by
and the initial condition for the velocity is
The system of interest, S (e.g. a binary pulsar), is assumed to correspond to a small value λ 0 ≪ 1 of the field-strength parameter
Hence, equations (12) 1−2 and (13) 1 mean physically that, in the system S (and more precisely near the center of the most massive body of S), the scalar 1 − f = 1 − f (λ0) , that determines the magnitude of the difference between the flat and curved metrics, is of the order of magnitude 2λ 0 , and that the fields p and ρ have the order λ 2 0 and λ 0 , respectively (in units such that the fields p (1) and ρ (1) are of the order of unity near the center of the most massive body). These equations (12) 1−2 and (13) 1 are exactly the same as in the PN scheme [18] . 2 The essential difference with the (asymptotic) PN scheme of the scalar theory [18] is that, in the PM scheme, it is not necessary that |u| ≪ c (in the physical sense) for the given system S, because the velocity in the generic system S λ of the family is order zero with respect to the parameter λ (Eq. (14)) -whereas the velocity is order √ λ in the PN scheme [18] . Correspondingly, the time derivative of the gravitational potential V is order 1 in λ in the PM scheme (Eq. (13) 2 ), whereas it is order 3/2 in the PN scheme [18] . Hence, the (asymptotic) PM scheme is just more general than the corresponding PN scheme, in the sense that the given system S will automatically be suitable for the PM scheme if it is for the PN one, and the converse is not true. (But the PM family (S λ ) is not "more general" than the corresponding PN family: it is just a different family of solutions.) Thus, E PM can be used in the PN scheme.
PM approximation of the energy rate
We assume that the initial-value problem P λ , defined by Eqs. (12)- (14), has generically a unique solution in some large-enough domain, and that the solution fields admit asymptotic expansions in powers of λ, which have necessarily the same dominant order in λ as the initial values. Precisely, we need just the principal part in these expansions. After changing the mass and the time units, for system S λ , to the new units [ 2 , and all fields: p, ρ, V , ∂V /∂x 0 , but the velocity, are order zero, whereas the velocity field u is order c. We may hence write:
(recall that σ ≡ (T 00 ) E is the source of the gravitational field, Eq. (1)). These expansions have primarily to be valid at fixed values of the relevant time and space variables. Due to the fact that the velocity is order zero in the small parameter (in fixed units) for the PM family, the relevant time variable (the "dynamical time" in the terminology of Ref. [19] ) is the true time T (as expressed in fixed units) -whereas the relevant time variable is T √ λ for the PN family of systems [18] . Therefore, in the new (varying) units, in which the expansions have the convenient form (16) , and in which λ ∝ 1/c 2 , the relevant time variable is x 0 = cT . As a consequence, the expansion of the field equation (1) leads, as we wished, to the wave equation for the 0PM potential U :
-instead of the Poisson equation which applies to the 0PN (Newtonian) potential. As λ → 0, the gravitational energy flux (10) has a principal part Φ 0PM :
where U is the relevant (retarded) solution of Eq. (17).
There are only quadrupole terms in the limit radiative flux
The next task is to calculate the limit, as R → ∞, of the 0PM flux Φ 0PM on the sphere ∂Ω : |X| = R. To this end, one first expands the retarded potential U as R → ∞, then one inserts this in (18) . The multipole expansion of the retarded potential U contains monopole, dipole, and quadrupole terms, i.e. it contains
Indeed, we find:
where overdot means partial derivative with respect to T and the points of suspension indicate omitted terms of order 1/R coming from time derivatives of order ≥ 3 in the Taylor series expansion of the retarded density. However, M = Const. disappears from the flux (18), due to the presence of the partial derivative ∂ T U . As to d i , it is in the limit flux just byd i . Butd i = 0 from the 0PM conservation of the total momentum (which is obtained when inserting the expansions (16) into the dynamical equation (6)). It follows that the limit as R → ∞ of the PM energy flux contains just quadrupole terms:
3.4 Use of the PM approximation of the energy flux
As already mentioned, the fact that the PM scheme is more general than the PN scheme implies that it makes sense to use the energy rateĖ PM in the PN scheme. Let us try to expand on this point. The limit, as R → ∞, of the principal part of the PM energy flux, is given by Eq. (22), whereas, at the zero-order PN approximation, the corresponding limit is zero. Indeed, the principal part of the PN energy flux, Φ 0PN , is just the Newtonian energy flux. But the Newtonian energy of an isolated system is conserved, hence we have
However, although the zero-order PN (i.e., Newtonian) energy E 0PN is thus constant at this same zero-order PN approximation, it has no reason to remain so at the following, truly post-Newtonian, approximations. Indeed, as the order n of the PN approximation increases, the energy rateĖ
PN calculated at the n th PN approximation should become a better and better approximation of the exact energy rateĖ, more precisely one should havė
Moreover, the dominant part ofĖ (n) PN should precisely be the rate of E 0PN : if the PN expansions are uniform with respect to time, then, by summing the rates of the successive terms in the asymptotic expansion of the energy:
one should obtain the asymptotic expansion of the energy rate:
More exactly, when we write Eq. (26), we are using the n th PN approximation and we must hence rewrite this equation aṡ
(27) Of course, just the same may be done with the PM scheme. What happens is that the first iterations of the PN scheme, in particular the very first one (the Newtonian approximation), give the simple prediction that the energy of the gravitating system is conserved, i.e.
Therefore, the exact energy rate is certainly very small, and one would like to calculate it by using the p th PN approximation, that gives the first non-zero result (in GR, the standard PN scheme gives p = 5/2 [36] , the fractional number meaning merely that a Taylor expansion in λ does not apply any more). But this is very complicated, hence one is led to admit that the first non-zero result given by the PM approximation, and which turns out to correspond to the zero-order PM approximation (Eq. (22)), is a good approximation to the exact result. The reason to believe so is that the PM approximation, in contrast to the PN one, does take into account naturally the phenomenon of gravitational radiation. We may summarize by admitting that, for some number p (may be p = 5/2):
3.5 Peters-Mathews coefficients and decrease in the orbital period Now we consider a binary system and we assume i) that the two bodies are far enough, so that they do not tidally interact; and ii) that the radiative energy loss does not affect the spins. Under these assumptions, the rates of the quadrupole tensor J, which allow to approximate the gravitational radiative energy loss (Eq. (22)), may be calculated with the system being simply modelled as two Newtonian point masses. Then we calculate thaṫ
where
(m 1 and m 2 are the zero-order masses of the pulsar and its companion; x 1 and x 2 are their positions). Therefore, the Peters-Mathews coefficients are:
In GR in harmonic coordinates, the expression of the energy rate is [34] :
(I.e., the Peters-Mathews coefficients are in GR:
In order to relate the energy rate to the rate of the orbital period P of the binary, one uses Kepler's third law,
and the expression of the Newtonian energy of the binary,
(where a is the semi-major axis of the relative orbit), and getṡ
For binary pulsars, usually the "companion" star is not seen and the observational input is the list of the arrival times of the successive pulses emitted by the pulsar, in short "the pulse data" [32] . Essentially, these data show a periodic variation due to the motion of the pulsar around the mass center of the binary system, but there is a slow drift in this variation, due to the decrease in the period P . If one wants to test a given theory of gravitation, then the "timing model" used to fit the pulse data should be consistently and entirely based on that theory. If we apply Eqs. (30) and (37) to a given binary pulsar, in taking all orbital parameters as they are obtained from a timing model based on GR in harmonic coordinates, then we will obtain a period change of the same order of magnitude as that found with the timing model based on GR, but significantly different from it -because the energy rate (30) differs from that in GR (Eq. (33)), while keeping the same order of magnitude for a given orbit and a given K. In view of the foregoing sentence about the consistency of the timing model and the theory, this does not prove that the scalar theory is not able to accurately fit the pulse data (which is indeed the true test). It is worth to recall that, in contrast with this, most other alternative theories give a very different energy rate from that predicted by GR, usually they even predict the wrong sign [32, 34] .
Conclusion
A scalar bimetric theory with a preferred reference frame has been motivated and summarized. An asymptotic framework has been introduced for the "postMinkowskian" (PM) approximation outside and inside the bodies as well, by considering a family of initial-value problems for a perfect-fluid system; this seems to be new and could be useful in other theories. In particular, it has been shown that this PM scheme is more general than the corresponding post-Newtonian (PN) scheme and that, therefore, a simple and reasonable justification can be given for the procedure usually adopted in studies on gravitational radiation. That is, it is allowable to take the energy rate as given by the PM approximation and to say that it represents (approximately) the rate of the Newtonian energy. Using that PM scheme, the 0PM approximation of the energy rate for an isolated system has been calculated for the investigated scalar theory. This is indeed an energy loss, and it contains no dipole term (and no monopole term either). Thus, the radiative energy loss has the same structure in this theory as in GR, it has also the same order of magnitude. This is usually not the case for alternative theories, even for those that look much closer to GR. The author feels it plausible that this simple scalar theory might be able to fit accurately the pulse data of binary pulsars.
Note
